Groundnut is ranked as the most important legume crop in Ghana due to its versatile role as sources of cash, dietary protein, industrial oil, complementary animal feed, and in soil fertility restoration. However, food safety risk in relation to aflatoxins remains a daunting challenge among smallholder farmers due to poor production practices and weak food safety regulation and compliance.
Introduction
lead to fulminant liver failure and death. Some studies suggest that 60 to 85% of consumers in developing countries are not protected by commercial food safety regulations [8] . They often lack the capacity to protect crops against aflatoxin contamination, and awareness about risk of aflatoxins is poor. A report by the International Institute of Tropical Agriculture suggests that aflatoxin contamination in maize and groundnut remains a major non-tariff barrier to [18] . The relative occurrence was China (76.5%) ' Agric' (20%), Obolo (1.5%) and Otuhia (0.5%). Similar trends were observed in the Upper East Region and Upper West Region with the local China being cultivated by 99.5% and 96.5%, respectively (Figure 1) .
Two recently released varieties with large seed size (Obooshie and Yenyawoso) were not cultivated in the Northern region. Majority (73.3%) of groundnut farmers mentioned high yield (73.3%), ease of harvesting (46.5%) and drought tolerance (32.67%) as key traits for choosing a groundnut variety. Other important traits were disease tolerance, oil content and storability. Source: Oppong-Sekyere., et al. [18] .
Over the years, research interest has focused on developing varieties for high yield, earliness, drought tolerance and resistance to biotic stresses such as rust, leaf-spot disease and rosette disease.
Consumer preference traits include seed/pod size, seed colour, seed number per pod, oil yield, ease of shelling, nutrient value and overall confectionery properties. Due to growing market for fresh groundnut, the importance of pod size and ease of shelling have recently emerged as critical. Some description and characteristics of common varieties developed mainly by the Council for Scientific and Industrial Research (CSIR) of Ghana and their partners over the years was provided (Table 1) . Albeit, access to these varieties remains woefully poor in communities across the regions of Ghana;
due weak national seed systems and policy.
The occurrence, perception, prevalence and health risk of aflatoxins in Ghanaian foodstuffs have been extensively reported in Ghana [6, 7, 11, 13, 19] . Albeit, most of such have concentrated on prevalence, consumer risk and perception surveys. Aflatoxins risk is particularly a problem in groundnuts and maize grain and their food products, although other food commodities are at risk too. The tropical climate in Ghana is ideal for the growth and development
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Occurrence, prevalence and health risk Note: Information provided in this table was collated from different secondary sources, with varying degree of accuracy.
of these fungi, particularly in susceptible products [20, 21] . Other practices that favour the aflatoxins contamination are poor agricultural practices during planting, harvesting, drying, transportation and storage of the product. In the developed countries, the levels of aflatoxins are presumed to be lower in processed foods, due to standard quality control systems applied by the industry, but this may not apply to processed foods in developing countries such as Ghana.
In a study, Jolly., et al. [13] measured the levels of aflatoxin B 1 (AF-B 1 ) albumin adducts in blood and aflatoxin M 1 (AF-M 1 ) metabolite in urine of consumers in major groundnut and maize consuming regions. High AF-B 1 albumin-adduct levels were found in plasma (0.89 ± 0.46pmol/mg albumin) and high AF-M 1 levels in urine (1,800.14 ± 2602.01pg/mg creatinine) of the participants.
Socio-demographic factors such as educational level, ethnic group, community, household size, and number of children in the household attending secondary school were found to be significantly associated with AF-B 1 albumin-adduct levels. Another study on aflatoxin B 1 -Lysine (AF-ALB) adduct levels among pregnant women showed a range of 0.44 pg/mg to 268.73 pg/mg albumin [19] . Approximately, 25% of the women had AF-ALB levels of >5.0 to ≤10.0 pg/mg albumin and 15% had AF-ALB >25.0 pg/mg albumin. In this study too, AF-ALB as well as the percent of women having high AF-ALB levels (>11.34pg/mg) were inversely associated with indices of higher socioeconomic status, namely, higher education and income, being employed and having a flush toilet.
An extensive evaluation of aflatoxin levels in groundnut and groundnut based in Ghana was conducted [7] ( (Table 3) . In Nigeria, a study to assess knowledge of aflatoxin contamination in groundnut and associated risk among health workers found that 95% of respondents had awareness of aflatoxins, however class room lectures was the common source of information to 56% of respondents [22] . In that study, none of the health workers had ever discussed the risk of aflatoxins in food with their patients. In Tan The Ghana Standards Authority (GSA) published the Ghana Standards Gazette that has specifications for groundnut (GS 313:2001) , code of practice for the prevention and reduction of aflatoxin contamination in groundnut (GS 1003:2009), and the determination of aflatoxins in foodstuffs (GS ISO 16050:2003) . The options for certification under these standards are detailed in Table 4 . The
Code of Practice for the prevention and reduction of aflatoxin con- Upper East Region (Figure 2) .
Aflatoxin prevalence and management in northern Ghana
Prevalence in farm stores In this study, participatory on-farm evaluation was conducted in the Northern, Upper East and Upper West Regions to assess the performance of 10 groundnut genotypes for resistance to aflatoxins [25] . From this study, aflatoxin levels across locations showed that 98.7% of the samples were safe at a permissible level of 20 ppb (Table 6) . Also, all 10 genotypes recorded aflatoxin levels of less than <15 ppb at 4 to 8 weeks after harvest. Genotypes: ICGV-94379 (0.6-38.7 ppb), farmer variety (0.92-22.6 ppb) and ICGV-91284 (0.4-19.9 ppb) may be susceptible compared to their counterparts. In a study, the effect best production practices on yield and aflatoxin contamination was assessed in 21 project districts in North- Figures 3A and B) . All the improved practices showed lower levels of aflatoxin contamination when compared The high aflatoxin levels in groundnut paste is a concern requiring attention as most families rely on this for the preparation of their household diets [7, 26] . Commercial groundnut paste is usually produced from grain without grading in whole, shrivelled, broken and damaged grains, which may explain the unacceptable levels. 
Effect of best production practices on aflatoxin levels

Aflatoxin levels in groundnut products
Good agronomic practices
Host plant resistance, when combined with pre-and post-harvest strategies, is often the most practical and effective approach.
Over the past two decades, breeding groundnut varieties resistant Another trait of interest is reducing groundnut maturity periods to escape end-of-season drought, and the emphasis has been on the identification of short-duration farmer-preferred genotypes with resistance to or tolerance of Aspergillus spp. However, access to seed of improved varieties is still a challenge across communities in Ghana and most parts of SSA. 
Host plant resistance
Harvest practices
In addition, management practices such as using appropriate drying techniques (including drying on raised surfaces or on mats), reducing kernel moisture content to 8-10%, proper threshing methods, and sorting the kernels before sale or consumption can significantly influence the level of aflatoxin contamination.
Aflatoxin reduction under these practices can vary from 63 to 88% depending on location. Quick and proper drying to moisture level of about 10% may help limit Aspergillus flavus proliferation and toxin production [7, 11, 27, 28] . Another study conducted in the Northern Region of Ghana showed that drying groundnuts on clean tarpaulins could reduce aflatoxin levels to about 50% compared to drying on bare ground [14] .
Drying
Very paramount among postharvest operations are method and length of storage [7, 11, 27] . The quality of stored foods markedly depends on the storage conditions they have been subjected to. However, methods and duration of storage of food commodities seem to differ from one agro-ecological area or ethnic group to another. Cost and availability of storage vessels largely dictate the method of storage patronized in a particular production hub.
Most of the storage structures commonly used by farmers in Africa are traditional vessels which provide poor protection from water, 
Storage and shelling practices
Traditional practices of wetting groundnut shells to facilitate shelling can increase the risk of aflatoxin contamination. Whereas the use mechanical shelling is becoming popular, the high mechanical damage to nuts remains the most important challenge.
Shelling practices
This involves employing microbial antagonist to keep the disease-causing agents in check by reducing their populations to economically insignificant levels around the susceptible host organ/tissue, resulting in no disease incidence. Several bacterial and fungal biocontrol agents have already been screened all over the world to identify potential antagonists to A. flavus. Although promising biocontrol agents have been identified for groundnut aflatoxin management, research is more advanced in maize. Several biocontrol commercialized products (eg. Afla-guard ® , Aflasa-feTM) are available. However, its efficacy in multi-environment and multi-state conditions and under longer time horizons has yet to be understood. ICRISAT has identified a host of potential biocontrol agents that work against aflatoxin-producing molds in groundnuts, including antagonistic bacteria (Pseudomonas spp), fungi (Trichoderma spp), and actinomycetes (Streptomyces spp) strains.
Biocontrol agents
Across sub-Saharan Africa and many developing countries, challenges to the adoption and use of good practices for aflatoxin management include lack of farmer knowledge, little market reward for quality, and slow action of regulatory institutions and policymakers. This study highlights the risk of aflatoxin contamination Bibliography in groundnut and identified integrated management approaches that can be employed to minimize the negative effects on human health. The study recommends the need to regularly track aflatoxins levels in food products, especially the most susceptible commodities (such as groundnut and maize) to allow for early warning and commensurate interventions to minimize short-and longterm health risk. Intensifying awareness creation, good agronomic practices, drying, sorting and storage can reduces prevalence of aflatoxins at least to safe limits. Food diversification to crops less susceptible to mycotoxin contamination, such as vegetables, roots and tubers, has been suggested as one future option. However, this option appears to be more costly since grains are generally consumed by the poor, due to their low cost and ready availability.
Regulatory agencies such as Food and Drugs Authority, Standards
Authority and Department of Agriculture of Ghana must conduct routine monitoring to ensure that food commodities which are on the market with aflatoxin contamination above permissible limits
